Abstract: Random amplified polymorphic DNA (RAPD) markers were used to assess genetic diversity in Bambara groundnut (Vigna subterranea L.) germplasm using 25 African accessions from the collection in the International Institute for Tropical Agriculture, Ibadan, Nigeria. Fifty random decamer primers were screened to assess their ability to detect polymorphism in bambara; 17 of them were selected for this study. Considerable genetic diversity was found among the V. subterranea accessions studied. The relationships among the 25 accessions were studied by cluster analysis. The dendrograms showed two main groups of accessions mainly along the lines of their geographic origin. It is concluded that RAPD can be used for germplasm classification in bambara groundnut and hence for improving this crop.
Introduction
The Bambara groundnut (Vigna subterranea L.) continues to be an important leguminous crop in tropical Africa, even though in many countries it has been replaced as a major crop by the groundnut, Arachis hypogaea L., which is grown essentially for human consumption. It is a herbaceous, intermediate, annual, self-pollinating plant of the family Leguminosae, subfamily Papilionoideae, that originated in Africa (Heller et al. 1997) . The plant has bunched leaves arising from branched stems that form a crown on the soil surface. Its podding habit is similar to that of A. hypogaea in that the pale yellow flower stalk bends downwards after fertilization, pushing the young pod into the soil, where it develops and matures (Uguru and Ezeh 1997) . The Bambara groundnut will often yield well in environments that may be too hostile for more favoured legumes (Collinson et al. 1996) . Relatively few genetic studies have been conducted on the population structure of V. subterranea and genetic diversity among cultigens. Recently Pasquet et al. (1999) , using isozyme analysis, found high genetic identities between wild and domesticated Bambara groundnut accessions and concluded that the wild Bambara groundnut is the progenitor of the domesticated form, both being characterized by low total genetic diversity. Despite its economic value no significant effort has been made to scientifically improve this crop.
The taxonomy of V. subterranea has been based primarily on morphological traits, the expression of which is often influenced by environmental factors (Yee et al. 1999) . To avoid this problem, the present study was undertaken to detect possible genetic diversity among V. subterranea accessions using random amplified polymorphic DNA (RAPD) markers, which have been shown to be useful in assessing interspecific genetic variability in many plant species (Mignouna et al. 1998) , and to use the information thus obtained for grouping accessions.
Materials and methods

Plant material
Twenty-five accessions of V. subterranea from different African countries were kindly provided by the International Institute for Tropical Agriculture (IITA), Nigeria, from their germplasm collection. These included 1 accession from Cameroon, 5 accessions from Nigeria, 17 accessions from Zambia, and 2 accessions from Zimbabwe (Table 1) . Three seeds from each accession were grown in pots in a greenhouse. To ensure sufficient tissue, leaf samples from three plants per accession were collected for DNA extraction and analysis.
DNA extraction
Young leaf tissue (2-5 g) was collected, quickly frozen in liquid nitrogen, transferred to lyophilize, and ground with mortar and pestle. Of this material, 0.3-0.4 g was used to extract DNA using the cetyltrimethylammonium (CTAB) procedure originally outlined by Saghai-Maroof et al. (1984) . Two separate DNA extractions were carried out.
PCR amplification and DNA analysis
The random primers used for DNA amplification were 10-base sequences from A, B, L, O, P, and AI kits obtained from Operon Technologies Inc., Alameda, Calif. (Table 2) .
PCRs were carried out in 25-µL volume in a mixture containing 50 mM KCl, 10 mM Tris-HCl (pH 8), 2 mM MgCl 2 , 100 µM of each dNTP, 0.4 mM of primer, 20 ng DNA, and 1 U of Taq DNA polymerase from GIBCO BRL, New York. DNA amplification was performed as follows: 50 s at 93°C followed by 40 cycles with (i) 10 s at 93°C, (ii) 10 s at 38°C, and (iii) 1 min at 72°C. After the final cycle the samples were held for 2 min at 72°C (Link et al. 1995) . Amplification products were analyzed by electrophoresis in 1.7% agarose gels in 0.5× TBE buffer. Permanent records were obtained by photographing ethidium bromide-stained gels under UV light. The 100 bp DNA ladder from GIBCO BRL was used as a standard molecular weight size marker. As the reproducibility of the separate DNA extractions and amplification process was satisfactory, the data were combined for the analysis.
Data analysis
Each accession was scored 1 for presence and 0 for absence of each polymorphic band. The bands present in all accessions were also scored. Bands within genotypes were scored as missing data if they were poorly resolved on the gel or if the template DNA did not amplify well. Only bright, clearly distinguishable bands were used in the genetic analysis.
Genetic similarity was calculated on the basis of Jaccard's similarity coefficient (Link et al. 1995) using the NTSYS-pc version 2.0 computer software (Rohlf 1998) . The similarity matrix was subjected to cluster analysis by the unweighted pair-group method with the arithmetic averages (UPGMA) and the neighbour-joining (Njoin) method, resulting in a dendrogram in the first case and a phylogenetic tree in the second. The association between the RAPD similarity matrix and geographic distance measured from the longitude and latitude of some accessions (data not shown) was determined with the Mantel test statistic using the MXCOMP function of NTSYS (Rohlf 1998) .
Results and discussion
Two accessions (TVs-18AA from Nigeria, ZM80-142A from Zambia) were used for a preliminary amplification test to standardize the DNA amplification conditions on the V. subterranea genome. The PCR amplification conditions were applied as well to the same two accessions, using 50 arbitrary primers from the A, B, E, F, L, M, O, P, AI, and AH kits to select those primers that amplified V. subterranea DNA templates. It was found that most of them did not amplify any fragment. Finally, only the 17 primers that gave amplification products were used ( Table 2 ). All 17 primers were applied on the 25 accessions. The 17 primers produced a total of 63 bands, 25 of which (approximately 40%) were monomorphic, while the remaining 60% showed at least one polymorphic band ( Table 2) .
The lowest value of Jaccard's similarity coefficient observed was 0.63, for example between accessions ZM80-699 (Zambia) and FB85-3 (Nigeria), while the highest similarity coefficient (0.97) was found between ZM-2452B and ZM-2452C, both originating in Zambia (Tables 1 and 3 ). The genetic similarity indices between the accessions originating from the same country were high: for example, 0.92 and 0.96 between TVs-18AA and NQ78-60B and between NQ78-60B and NQ78-153A, respectively. All these accessions originated in Nigeria.
The UPGMA dendrogram (Sneath and Sokal 1973) , based on Jaccard's coefficient of similarity, allowed for two main clusters to be distinguished (Fig. 1 ). The first cluster (A) contained six accessions: four from Nigeria (TVs-18AA, NQ78-60B, NQ78-153A, TT79-EG1A), the single accession from Cameroon (AP79-13), and one from Zambia (ZM80-699). (Fig. 2) , based on Jaccard's similarity coefficient (Saitou and Nei 1987) , also resulted in two main groups. The upper cluster (A) contained all the Nigerian accessions and the accession from Cameroon. The second group (B) contained the Zambian accessions and those originating in Zimbabwe. It can be seen that using the Njoin method the accessions were clustered more or less along their lines of geographical origin (Fig. 2) . This classification was supported by a Mantel test conducted to determine the relationship between genetic Table 2 . List and sequence of the 10-base nucleotide primers used and the number of amplified fragments detected in V. subterranea germplasm.
variation measured by the RAPD similarity matrix and the geographical origin of some of the accessions. The matrix correlation was highly significant (r = 0.523, P < 0.05). DNA polymorphism was detected in V. subterranea accessions using RAPDs. This opens up the possibility of developing a molecular genetic map that would be useful for genetic enhancement of V. subterranea. This polymorphism was used to group the accessions on the basis of two cluster methods. The Njoin method gave two clusters in which the accessions were grouped mainly according to their geographic origin. The grouping of the two accessions from Zimbabwe with those from Zambia probably indicates that Table 3 . Similarity matrix based on Jaccard's coefficient for 25 V. subterranea accessions. For personal use only.
these two also originated from Zambia. This is probably because most of the accessions were collected from farm stores and not in the field. As these two countries are neighbours and the present borders were not in place in the past, it is possible that genetic material was moved from one country to the other. The observation that, based on the UPGMA method, accessions ZM80-699 and FB85-3 were not grouped according to their putative geographical origin could also be attributed to the movement of seed from these accessions within Africa. 
